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Abstract

Leafy vegetables are the major dietary source of vitamins, minerals, fibers and bioactive compounds. Due to rapid urbanization and
industrialization, an increasing level of heavy metals in vegetables has been noticed in recent years. This study aimed to evaluate the
effects of cow manure and ash like materials for reducing arsenic and lead accumulation in three common leafy vegetables. Therefore,
a cross-sectional study was conducted on three leafy vegetable samples in Chattogram, Bangladesh. A total of 54 leafy vegetable samples
of three species like water spinach, spinach and red amaranth were collected from the six treatment groups which were treated with
wood ash, cow manure, charcoal and their mixture and the concentration of arsenic and lead were evaluated by Atomic Absorption
Spectrometry (AAS). Results indicated that soil contains a higher level of lead which exceeds the maximum permissible limit followed
by WHO. Again, cow manure, wood ash and charcoal significantly reduce the concentration of arsenic and lead in soil. Accumulation
of arsenic was significantly reduced by the mixture of cow manure and charcoal in Water Spinach, wood ash and mixture of wood ash
and charcoal in Spinach, and wood ash in Red Amaranth. Again, the accumulation of lead was reduced by cow manure, wood ash,
charcoal and their mixture, though this reduction was not significant. So, cow manure, wood ash and charcoal have a significant effect

on the arsenic accumulation in leafy vegetables because they increase the stability and decrease the mobility of heavy metals in soil.
Keywords: Heavy metal, permissible limit, health risk and AAS.
Introduction

Heavy metals are the metallic chemical element that has a relatively high density (above 3.5 g/cm3 to above 7 g/cm3), toxic or poisonous
at low concentration and have a significant impact on the environment (1). Though the major source of heavy metals is the earth’s crust,
many anthropometric activities like industrial activities, domestic activities, shipbreaking, smelting operations and agricultural use are
also important sources (2,3). Rapid urbanization and industrialization are also responsible for heavy metal poisoning (4). These natural
and main maid activities drastically pollute the atmosphere, soil and water and finally enter into the food chain. So, the primary sources
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of heavy metals are water, soil and air from which heavy metals are transmitted to plant and animal bodies (5). Heavy metals enter the
human body and bio-accumulate inside their tissues as well as being processed when humans are subjected to pollution, such as by
inhalation, absorption through the skin, contaminated food, and drinking water. These heavy metals are subsequently absorbed by plants
and animals as well as by human feces. They are transferred from one source to another in this manner (6). Vegetables can accumulate
heavy and trace elements from several sources, but the main one is thought to be the soil and water. One of the primary routes through
which (heavy/trace) metals enter the human body is through the consumption of vegetables because, in Bangladesh people consume
vegetables in every meal of diet. After being ingested, heavy metals are deposited in the fat and bone tissues, displacing noble minerals
and leading to a variety of disorders (7). So, continuous intake of heavy metal contaminated vegetables has significant health problem
for living body.

Vegetables are an important source of dietary fiber in Bangladesh and per capita average consumed 26 kg/year (8). They are also an
important source of vitamins, minerals, trace elements and bioactive compounds which are essential for nutrition and health. Both rural
and urban people intake vegetables every meal and it is an important part of their daily diet. This consumption is increasing mostly
among urban people day-by-day. But unfortunately, due to the contaminated water and soil and water, these leafy vegetables are
drastically polluted by heavy metals. It is also noticed that leafy vegetables have a higher affinity to absorb and accumulate heavy metals
compared with other vegetables. When these contaminated vegetables are consumed, they cause adverse health effects in the human
body (9). Increased levels of these metals impede plant growth processes like respiration, photosynthesis, water uptake, and nutrient
uptake, which lowers plant productivity. Vegetables have been shown to contain higher levels of heavy metal pollution recently, which
could have serious consequences for human health (10). Consistent eating of vegetables tainted with heavy metals may result in their
buildup in people, disrupting a variety of biochemical processes and resulting in disorders of the heart, brain system, kidneys, and bones
(12).

Soil composition, atmospheric conditions and fertilizers are the main sources of heavy metals in vegetables. Again, the use of natural
fertilizers like cow manure and ash-like materials like wood ash and charcoal have positive heavy metal binding properties and reduced
heavy metal accumulation in plants and vegetables (12). Pb and As are two important heavy metals which cause a drastic public health
problem and their accumulation by vegetables from the soil is the main exposure pathway for a human being. The immobilization of
Pb and As decreases their solubility and prevents them from being transported and distributed from contaminated soils. To immobilize
heavy metals in soil and water, several organic additions are being tested (13). Using cow manure and ash-like ingredients as an
alternative to commercial fertilizer increase soil fertility and soil stability (14). Furthermore, it is a low-cost technology without causing

negative impacts on soil and crops.

In Bangladesh, several types of vegetables are cultivated in the agricultural field, rail/roadsides and free spaces around the house
in both urban and rural areas. Leafy vegetables are more common due to the small cultivating period. Unfortunately, due to the
contaminated environment, these vegetables are contaminated by toxic heavy metals. There have been some studies focused on heavy
metal-contaminated soil and vegetables. But very few studies have investigated the impact of cow manure and ash-like materials on
reducing heavy metal availability and accumulation in vegetables. Therefore, the present study was conducted on three leafy vegetables
like Water Spinach (Ipomoea aquatica L.), Spinach (Spinacia oleracea L.) and Red amaranth (Amaranthus gangeticus L.) to identify
the impact of cow manure and ash like materials (wood ash, charcoal) on heavy metal accumulation in edible parts of these two leafy

vegetables.
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Materials and methods
Study area and design

This study was conducted on Chattogram, which is the commercial capital of Bangladesh. At first an agricultural land was selected and
divided into six blocks. They were identified as blocl-1, block-2, blOck-3, block-4, block-5 and block-6. Then the five blocks were
treated with wood ash, cow manure, charcoal, the mixture of cow manure and charcoal, mixture of charcoal and wood ash. Block-6 was

considered as control. Then, three types of vegetables were cultivated for up to 40 days.

Collection of soil and leafy vegetable samples

A total of 18 soil samples were collected from six blocks of experimental land and transferred to the laboratory. For each sample, the
soil was collected from the same place with three different depths like 0 cm, 10 cm and 15 cm, finally allowed for hand mixing and
sampling was done from the mixture. Then three matured leafy vegetable samples for each vegetable were randomly collected by hand
harvesting process. After harvesting, these samples were washed with distilled water and allowed for sun drying. Finally, 18 soil samples
and 54 leafy vegetable samples were transferred to the laboratory by covering them with a simple poly bag.

Digestion of soil and vegetables for heavy metal analysis

Both soil and vegetable samples were digested by a microwave digester. For soil, at first 0.3 g of soil sample was taken in a vessel
(Model no XP-1500) of the microwave oven with 2.5 ml of 65% HNO3 and 7.5 ml of 37% HCI. Then heated at 180°C for 1 min and
held for 25 min and finally cooled for 10 min. After digestion, the rotor must be cooled to a temperature of 60 °C. Once cooled, the
upper screw of the vessel must be carefully undone with a torque wrench to release pressure within a fume hood. For, vegetable sample,
0.5 g grinded mixture of leaf and stem were taken with 5 ml of 65% HNO3, 1 ml of 37% HCI and 1 ml of 55% HCIO, in a vessel (Model
no XP-1500) of the microwave oven. Then heated at 150 °C with a ramping time of 1 min, holding time of 20 min and cooling time of
10 min. The resulting samples were collected, filtered, and leveled with deionized water in a 10 ml volumetric flask. Finally, both soil

and vegetable samples were collected, filtered and leveled with deionized water in a 10 ml volumetric flask (16).

Analysis of heavy metal by AAS

Pb and As concentrations were analyzed by Atomic Absorption Spectrophotometer (AAS), Model: ZEEnit 700P, Germany. At first
digested leafy vegetables and soil samples were allowed for filtration through Whatman filter paper (0.45 um pore size) in a 100 ml
round bottle flask. Then added deionized water up to the mark and stored as stock solution for AAS. Then 12 ml sample was taken into

the falcon tube from stock solution and used for analysis by AAS (17).
Statistical analysis

For statistical analysis, data were exported from Microsoft Excel 2010 and stored there before being entered into STATATM 11.0 (Stata
Corporation, College Station, TX, USA). Utilizing percentages, means, and standard deviation for various variables, descriptive analysis
was carried out. Finally, to compare the amount of heavy metal residues in leafy vegetables, a one-way ANOVA and post-hoc test was

utilized. The level of significance was set < 0.05.
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Result and discussion
Concentrations of As and Pb in soil

As concentration in soil and three types of leafy vegetables are shown in Table-1. The minimum concentration was 8.68 + 0.14 mg/kg
in block-2 which was treated with cow manure and maximum concentration was 11.87 £ 0.57 mg/kg in control group. The overall
concentration of As in six blocks of the field are below the maximum permissible limit followed by World Health Organization (WHO)
and Food and Agricultural Organization (FAO) (18). Concentration of Pb in soil and three leafy vegetables are shorn in Table-2. The
minimum concentration of Pb was 14.18 + 0.22 mg/kg in block-1 and maximum concentration was 22.47 + 0.42 mg/kg in block-6 which

was considered as control. Concentration of Pb in soil exceed the maximum permissible limit followed by WHO (19).

Table-1: Average concentration of As in soil and three green leafy vegetables

Samples Block-1 Block-2 Block-3 Block-4 Block-5 Block-6 p (1- Maximum
(N=18) (N=18) (N=18) (N=18) (N=18) (N=18) ANOV | permissible
A) limit (mg/kQg)
Water 0.06+£0.05 | 027+111 | 0.42+0.54 ND 0.29+£0.26 | 043112 0.005 0.50
Spinach
Spinach ND 027+044 | 015+0.14 | 029041 ND 0.48 £0.11 0.083 0.50
Red ND 0.19+£0.77 | 034+0.34 | 0.12+0.80 | 0.16+0.45 | 0.26+1.15 0.044 0.50
Amaranth
Soil 10.21+0.57 | 8.68+0.14 | 10.68+0.27 | 11.51+0.29 | 9.85+0.33 | 09.87 +0.57 | 0.205 11.75

Here, block-1 is wood ash, block-2 is cow manure, block-3 is charcoal, block-4 is mixture of cow manure and charcoal, block-5 is
mixture of wood ash and charcoal, block-6 is control, ND= not detectable.

For both As and Pb concentrations were maximum in control group than other blocks which were treated by cow manure, wood ash,
charcoal and their mixture. It indicates that, when soil is treated with natural remediation, it reduces the mobility of heavy metal and
also increase the soil stability. This finding is also supported by others previous studies (20, 21). In six blocks of the treatment group,
the overall prevalence of Pb was 100% (N=18). Every block has a greater Pb concentration than As, and this conclusion is consistent
with earlier research (22). The prevalence of industrial waste, leaded gasoline, and other anthropogenic causes in the Chittagong region

are to blame for the high concentration of Pb. This same finding was also stated by others (23, 24).

Concentration of As and Pb in water spinach

Concentration of As and Pb of Water Spinach are shown in Table-1 and Table-2. All of the Water Spinach samples contain As within
safe limit. Control block contains maximum level (0.43 + 1.12 mg/kg) and block-4 had minimum level. So, all the organic supplement
has significant effect to reduce As accumulation in leafy vegetables. In water spinach sample, the concentration of Pb in six treatment
groups were in control (2.31 £ 1.08 mg/kg), wood ash (1.65 + 1.5 mg/kg), cow manure (1.05 £ 0.99 mg/kg), charcoal (1.04+0.99 mg/kg),
mixture of cow manure and charcoal (1.14 = 0.96 mg/kg) and mixture of wood ash and charcoal (1.59 + 0.67 mg/kg). As concentrations
in Water Spinach samples exist within the permissible limit and Pb exceeded the maximum tolerable limit followed by WHO (18). This
result is also similar with some previous study (25). Though, organic supplements were significantly reducing the concentration Pb in
Water Spinach although these supplements are not sufficient to reduce the accumulation of Pb in water spinach. Higher prevalence of
Pb might be due to the heavy metal contaminated soil and water in agricultural field. Because plants absorb a number of elements from

soil, some of which have no known biological function and some are known to be toxic at low concentrations (26).
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Concentration of As and Pb in Spinach

In Spinach sample, As concentrations were in cow manure (0.27 + 0.44 mg/kg), charcoal (0.15 £ 0.14 mg/kg), mixture of cow manure
and charcoal (0.29 + 0.41 mg/kg) and control (0.48 + 0.11 mg/kg). In block-1 and block-5 which contain wood ash and the mixture of
wood ash and charcoal, As were not detected. As concentration in Spinach samples were within safe limit and this is due to the low
concentration of As in soil and water (18). It was also observed that wood ash and the mixture of wood ash and charcoal have significant
effects of As reduction in Spinach sample. Here, As content is not significantly increased or decreased in six treatment groups with
control. Pb concentration of Spinach is shown in Table-2. It is shown that, Pb content is prevenient in all Spinach sample though

experimental blocks has low level of Pb than control block. Concentration of Pb in Spinach is higher than previous study that should be

a public health concern.

Table-2: Average concentration of Pb in soil and three green leafy vegetables

Samples Block-1 Block-2 Block-3 Block-4 Block-5 Block-6 p (1- Maximum
(N=18) (N=18) (N=18) (N=18) (N=18) (N=18) ANOVA) | permissible
limit (mg/kg)
Water 165+15 1.05+099 | 1.04+099 | 1.14+096 | 159+0.67 | 2.31+1.08 0.006 0.30
Spinach
Spinach 1.07+174 | 1.18+1.94 | 172+282 | 142+216 | 1.05+4.11 | 2.19+3.89 0.007 0.30
Red 157+044 | 237+0.88 | 249+030 | 1.97+043 | 154+1.44 | 3.46+3.00 0.422 0.30
Amaranth
Soil 1436 £0.22 | 16.58+0.17 | 18.99+0.81 | 18.75+0.25 | 19.90+0.26 | 22.47 £ 0.42 0.004 10.00

Here, block-1 is wood ash, block-2 is cow manure, block-3 is charcoal, block-4 is mixture of cow manure and charcoal, block-5 is
mixture of ash and charcoal, block-6 is control, ND= not detectable.

Concentration of As and Pb in Red Amaranth

In Red Amaranth, concentration of As in six experimental groups were block-1 (ND), block-2 (0.19 + 0.77 mg/kg), block-3 (0.34 £ 0.34
mg/kg), block-4 (0.12 + 0.80 mg/kg), block-5 (0.16 + 0.45 mg/kg) and block-6 (0.26 + 1.15 mg/kg) which is presented in table-1. As
concentration was not exceed maximum tolerable limit followed by WHO (18). Compare with other two vegetables, Red Amaranth
contains low level of arsenic in all experimental blocks. It might be due to the lower affinity od As with Red Amaranth. Concentration
of Pb in Red Amaranth is shown in table-2. It is shown that Red Amaranth contains significant amount of Pb in all samples collected

from six blocks. Again, in these vegetables Pb concentrations were higher than As and this is supported by other study (27).

Conclusions

The locality, the soil type, and the method used to handle industrial waste all posed considerable risks for the presence of heavy metals
in green leafy vegetables. Greater amounts of heavy metal were present in urban areas than in other regions. It is caused by the pollution
of industrial waste, agricultural chemical fertilizers, and waste from sewage systems in towns and cities. This result is consistent with a

number of earlier studies (27).
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